A subset of SLE patients has serologically detectable autoantibodies to the ribosomal P proteins (anti-P). We reported the discovery of covert anti-P antibodies and their masking IgG-inhibitory antibodies in the sera of healthy adults. The aim of this study was to determine if these IgGinhibitory antibodies are anti-idiotypic antibodies (anti-Ids). IgG and IgG-depleted fractions of plasma from two healthy adults were assayed for inhibition of anti-P F(ab Ј ) 2 binding to the ribosomal P proteins in immunoblot. Anti-P antibody activity was completely inhibited by plasma IgG, whereas there was no inhibition by IgG-depleted plasma. IgG-inhibitory antibodies recognized a cross-reactive epitope among anti-P from different SLE patients. Plasma IgG from one healthy adult was depleted of pepsin agglutinators and generic anti-F(ab Ј ) 2 antibodies by adsorption with an affinity column prepared with normal IgG F(ab Ј ) 2 . Unretained IgG bound exclusively to anti-P F(ab Ј ) 2 in ELISA. Using four affinity columns, we isolated IgG anti-Ids to anti-P antibodies from four healthy adults. These purified anti-Ids bound to anti-P F(ab Ј ) 2 from a healthy adult and SLE patients. They did not bind to F(ab Ј ) 2 fragments prepared from normal IgG or anti-dsDNA. Ribosomal antigens blocked this antiId-Id interaction. Purified anti-Ids inhibited the binding of anti-P F(ab Ј ) 2 from patients to ribosomal P proteins. SLE patients without overt anti-P antibodies also possessed IgG anti-Ids to anti-P antibodies. We conclude that IgG-inhibitory antibodies are anti-Ids to anti-P antibodies, and are directed to public idiotopes on anti-P antibodies. These anti-Ids may be part of an Id network that regulates anti-P antibody expression, and perhaps pathogenicity. ( J. Clin. Invest. 1998. 102:215-222.)
Introduction
SLE is a clinically diverse disease that is characterized by the presence of serologically detectable, i.e., overt, autoantibodies to self-antigens. A subset of these autoantibodies has diagnostic, prognostic, and pathogenic significance in SLE. Recent evidence suggests that the antiribosomal P autoantibodies (anti-P) 1 have such clinical and pathologic relevance. Ribosomal P proteins comprise a family of acidic phosphoproteins that are the target antigens for anti-P antibodies. These autoantibodies react predominantly to a shared epitope at carboxyl-termini of the ribosomal P proteins (1) . Anti-P antibodies are highly specific for SLE (1, 2) , and their presence frequently correlates with disease activity, in particular psychotic depression (2) , hepatitis (3) (4) (5) , and nephritis (4, 6) . These autoantibodies have been detected in up to 42% of patients with active disease (7; Chindalore, V., B.R. Neas, and M. Reichlin, manuscript submitted for publication) and levels of anti-P antibodies have been shown to decrease with disease remission (3, 6) . Studies in animals (8) and in vitro (9) (10) (11) suggest that anti-P antibodies may be cytopathic.
Healthy individuals rarely display overt anti-P antibodies (12) . However, we recently discovered that anti-P antibodies exist in a masked state in virtually all healthy adults (12) . These covert anti-P antibodies are detected only after treatment of serum with immobilized ribosomal P antigens (12, 13) . These autoantibodies are of the IgG isotype, and they appear indistinguishable from those of SLE patients. Their activity in ELISA and immunoblot is inhibited by IgG antibodies in normal serum and plasma. Inhibitory activity is associated only with IgG, and not with antigen-containing IgG immune complexes.
We hypothesized that these IgG-inhibitory antibodies are anti-idiotypic antibodies (anti-Ids) to anti-P antibodies. Such anti-Ids would prevent serologic detection and pathogenicity of anti-P antibodies in healthy individuals. The aim of this study was to demonstrate in healthy individuals that IgG antibodies to anti-P antibodies are idiotype specific, and are responsible for the lack of detection of their anti-P antibodies.
Methods
Sample collection. Samples of either plasma, sera, or both were obtained from four healthy adult donors and 24 adult SLE patients. No healthy adult had an acute or chronic illness, nor were they taking medication. All patients fulfilled diagnostic criteria for SLE as defined by the American College of Rheumatology (14) . Anti-P antibody positivity was determined by immunoblot and ELISA as described (15) . Samples from multiple dates were available on most patients, and were repeatedly negative for anti-P antibodies in 10 patients. Samples from the remaining patients were either persistently or intermittently positive. Three patients, 1-3, had high titers of anti-P antibodies, as demonstrated by HEp-2 immunofluorescence and gel diffusion analyses. All samples were stored at Ϫ 20 Њ C before use.
Preparation of antigen and antigen immunosorbents. Ribosomes were prepared from freshly isolated rabbit livers and assayed for antigenicity as described (12) . A ribosome-immunosorbent column was prepared by coupling ribosomes to Sepharose CL-4B (Pharmacia Fine Chemicals, Uppsala, Sweden) as described (12) .
The recombinant human ribosomal P2 protein was prepared as a fusion protein to glutathione S-transferase (GST-P2). The cDNA encoding the full-length ribosomal P2 protein was the generous gift of Dr. Keith Elkon (Hospital for Special Surgery, Cornell University, New York). This cDNA was subcloned into the pGEX3X expression vector of the GST Gene Fusion System (Pharmacia Fine Chemicals). GST-P2 was expressed in Escherichia coli DH5 ␣ after induction with isopropyl-thio-␤ -D -galactoside. The protein was affinity purified from bacterial cell lysate supernatants by glutathione-Sepharose 4B beads (Pharmacia). A GST-P2 immunosorbent column was prepared by coupling GST-P2 to 3M Emphaze beads (Pierce Chemical Co., Rockford, IL), according to the manufacturer's instructions.
Purification of anti-P autoantibodies. Anti-P antibodies were purified from plasma of SLE patients 1-3 and a healthy adult by affinity chromatography on ribosome and GST-P2 immunosorbents, respectively, as described (12) . Columns were exhaustively regenerated between individuals. Anti-P antibodies were also purified from the sera of 10 anti-P-negative SLE patients by affinity purification on nitrocellulose membranes coated with ribosomal P proteins as described (15) . The presence of anti-P antibodies in the eluted material was confirmed with either the multiple antigenic peptide-"P-peptide"-specific ELISA (16), the ribosome-specific immunoblot, or both (12) .
Preparation of IgG and IgG-depleted fractions of plasma. IgG was separately purified from the plasma of healthy adults 1 and 2 by affinity chromatography on protein G-Sepharose Fast Flow (Sigma Chemical Co., St. Louis, MO) and by multiple cycles of ammonium sulfate precipitation as described (17) . Both purification schemes generated IgG fractions of comparable purity, as assessed by SDS-PAGE. The IgG-depleted fraction from healthy adult 1 was reapplied to protein G to eliminate any residual IgG. IgG and IgG-depleted fractions were dialyzed against PBS. IgG concentrations were determined by IgG-specific ELISA (12) . Protein concentration of the IgGdepleted fraction was determined by protein assay (Bio-Rad Laboratories, Hercules, CA).
IgG anti-P antibodies from SLE patient 1 were prepared by application of the patient's affinity-purified anti-P antibodies to a protein G column. This column was used exclusively for patients.
Preparation of antibody fragments and F(ab Ј ) 2 immunosorbents. F(ab Ј ) 2 fragments were prepared by pepsin digestion (18) of affinitypurified anti-P antibodies from three patients and one healthy adult, and normal IgG from three sources (plasma IgG from each healthy adult and Cohn Fraction II [CF II; Sigma Chemical Co.]). Before pepsin digestion, normal IgG was depleted of anti-P antibodies by passage through a ribosome immunosorbent column, and collection of unretained fractions. All F(ab Ј ) 2 fragments were devoid of contaminating Fc fragments, as assessed by SDS-PAGE and Fc-specific ELISA. In the latter test, F(ab Ј ) 2 fragments and undigested normal IgG were used to coat wells, and alkaline phosphatase-conjugated goat anti-human IgG (Fc ␥ -specific; Jackson Immunoresearch, West Grove, PA) was added. IgG anti-P F(ab Ј ) 2 fragments from patient 1 and anti-P-depleted CF II F(ab Ј ) 2 fragments (dCF II F(ab Ј ) 2 ) were coupled to 3M Emphaze (Pierce Chemical Co.) and Sepharose CL-4B (Pharmacia Fine Chemicals), respectively. F(ab Ј ) 2 fragments of autoantibodies to double-stranded DNA (anti-dsDNA) were the generous gift of Dr. Wei Zhang (Oklahoma Medical Research Foundation, Oklahoma City, OK). These affinitypurified anti-dsDNA antibodies were from the serum of a SLE patient.
Fab Ј fragments were prepared from purified F(ab Ј ) 2 fragments of anti-P antibodies from SLE patient 1 by reduction with 1 mM dithiothreitol for 1.5 h at room temperature, followed by alkylation with 1 mM iodoacetamide for 30 min at room temperature. All fragments were dialyzed against PBS, and assessed for purity by SDS-PAGE.
Purification of IgG antibodies to anti-P F(ab Ј ) 2 . Plasma samples from each healthy adult that were prepared in 0.5 M NaCl were applied to the IgG anti-P F(ab Ј ) 2 immunosorbent column. The unretained plasma was collected, concentrated, and dialyzed against PBS. After extensive washing of the column with 0.02 M Tris-HCl/0.5 M NaCl/0.05% NaN 3 , pH 7.4, bound material was eluted with 3 M MgCl 2 , pH 6.5, and dialyzed against PBS. This material was sequentially passed through GST-P2 and dCF II F(ab Ј ) 2 immunosorbent columns. These steps would remove anti-P antibodies that may have leached off the IgG anti-P F(ab Ј ) 2 column and any other serum components that might bind to normal IgG, for example, pepsin agglutinators (19) and generic anti-F(ab Ј ) 2 antibodies (20) . The unretained material underwent protein G chromatography to remove any potential contaminating soluble antigen. A second set of identical columns was used to isolate anti-Ids to anti-P antibodies from SLE patients 3 and 4. Purified IgG antibodies to anti-P F(ab Ј ) 2 were dialyzed against PBS. Their purity was assessed by SDS-PAGE and was almost exclusively IgG.
Preparation of pepsin agglutinator-and generic anti-F(ab Ј ) 2 -depleted plasma IgG. Plasma IgG from healthy adult 1 that was prepared by ammonium sulfate precipitation was passed through the dCF II F(ab Ј ) 2 immunosorbent column. Unbound IgG was dialyzed against PBS.
Analysis of anti-P antibody activity by ribosome-specific immunoblotting. Reactivity with membrane-bound proteins from purified rabbit ribosomes was assayed as described (12) . Anti-P antibodies were detected with alkaline phosphatase-conjugated ␥ -chain-specific polyclonal goat anti-human IgG (Southern Biotechnology Associates, Birmingham, AL) or F(ab Ј ) 2 -specific anti-human IgG (Jackson Immunoresearch).
Inhibition of anti-P antibody activity was tested by preincubation of anti-P antibodies with putative inhibitors or PBS for 4 h at room temperature, followed by incubation with membrane-bound ribosomal proteins. Immunoblots were scanned with a desktop scanner (Hewlett Packard, Palo Alto, CA), and densitometric analyses were performed using NIH Image. 2 
Analysis of anti-Id antibody activity by F(ab Ј ) 2 -specific ELISA.
96-well ELISA plates were divided into two or more parts, depending on the number of F(ab Ј ) 2 samples to be tested. For each experiment, wells were coated with F(ab Ј ) 2 preparations of anti-P, dCF II, or antidsDNA antibodies. All F(ab Ј ) 2 samples were prepared in 0.15 M Na 2 CO 3 , 0.35 M NaHCO 3 , pH 9.6, and were incubated on the plate for 2 h at room temperature. The appropriate concentration of F(ab Ј ) 2 for coating was determined by measurement of their binding in ELISA to alkaline phosphatase-conjugated F(ab Ј ) 2 -specific antihuman IgG (Jackson Immunoresearch). Concentrations of F(ab Ј ) 2 that gave equal anti-F(ab Ј ) 2 binding were used, and corresponded to 1.25-5 g/ml. Plates were subsequently washed with PBS containing 0.05% Tween 20, pH 7.4, and remaining protein sites were blocked with 0.1% BSA in PBS, pH 7.4, for at least 1 h. After washing, sources of anti-Ids to anti-P antibodies were added to wells containing each of the F(ab Ј ) 2 preparations. Sources consisted of plasma IgG from healthy adult 1 that was depleted of pepsin agglutinators and generic anti-F(ab Ј ) 2 antibodies, and affinity-purified IgG antibodies to anti-P F(ab Ј ) 2 . These samples were prepared in PBS, pH 7.4, containing 0.1% BSA and 0.05% Tween 20. Incubation was for 2 h at room temperature. After washing, alkaline phosphatase-conjugated ␥ -chainspecific goat anti-human IgG (Sigma Chemical Co.) was added, incubated overnight at 4 Њ C, and followed by the addition of p -nitrophenyl phosphate (Sigma Chemical Co.). Optical density at 410 nm was de-2. This program was developed at the United States National Institutes of Health, and is available on the Internet at http://rsb.info.nih. gov/nih-image/.
termined with a microplate reader (model MRX; Dynatech, Alexandria, VA).
In inhibition experiments with fluid-phase F(ab Ј ) 2 fragments, IgG antibodies to anti-P F(ab Ј ) 2 were preincubated with soluble F(ab Ј ) 2 or PBS for 4 h at room temperature before their addition to the ELISA wells. In inhibition experiments with fluid-phase cognate antigen, anti-P F(ab Ј ) 2 -coated and blocked wells were preincubated with 50 l ribosomes or rabbit serum albumin (Sigma Chemical Co.) for 4 h at room temperature, then washed before the addition of IgG antibodies to anti-P F(ab Ј ) 2 .
Results
Characterization of the inhibitory antibodies to anti-P antibodies in plasma IgG. Sera and plasma from healthy individuals have IgG antibodies to anti-P antibodies that inhibit antigen binding (12, 15) . To determine which portion of the anti-P antibody was reactive with these inhibitory antibodies, inhibition was tested against F(ab Ј ) 2 fragments of anti-P. As a source of inhibitor, plasma was used instead of serum, which reduces the potential contamination by intracellular ribosomal proteins during blood coagulation. IgG and IgG-depleted fractions were prepared from plasma of healthy adult 1 by protein G affinity chromatography. SDS-PAGE showed that the IgG fraction was as pure as a commercial IgG preparation, and the IgG-depleted fraction was free of IgG ( Fig. 1 A ) . IgG-specific ELISA corroborated these findings. Each fraction prepared by protein G chromatography was assayed for inhibition of anti-P antibody activity in a ribosome-specific immunoblot. Plasma IgG inhibited antigen reactivity of anti-P antibodies from SLE patient 1. Inhibition occurred in a concentration-dependent manner, with 100% inhibition at 900 g/ml IgG (see Fig. 1 , B and C for inhibition of ribosomal P0 reactivity; comparable results were observed for ribosomal P1 and P2 proteins). In contrast, the IgG-depleted fraction lacked inhibitory activity. Plasma IgG from healthy adult 2 showed similar findings. Thus, plasma from healthy adults contain IgG antibodies that react with the F(ab Ј ) 2 portion of anti-P antibodies. Recognition of a cross-reactive epitope among anti-P antibodies by plasma IgG. Anti-P F(abЈ) 2 preparations from three SLE patients (at 0.25 g/ml) were preincubated with PBS (first lane in each set), plasma IgG (second lane in each set), or IgG-depleted (IgG-dep) plasma (third lane in each set) before analysis. Plasma fractions were from healthy adult 1, and were used at 0.5 mg/ml. Anti-P antibody activity was assayed as in Fig. 1 B. Arrows point to the ribosomal P proteins.
The cross-reactivity of these IgG-inhibitory antibodies for anti-P antibodies from different patients was investigated. Plasma fractions from healthy adult 1 were tested for inhibitory activity against the F(abЈ) 2 fragments of anti-P antibodies from two additional SLE patients. Plasma IgG inhibited comparably the antigen reactivity of anti-P F(abЈ) 2 fragments from three patients (Fig. 2) . Controls with IgG-depleted plasma did not show any inhibition. These data suggest that IgG-inhibitory antibodies might recognize a cross-reactive or public idiotope on anti-P antibodies.
IgG-inhibitory antibodies could potentially react with various epitopes within the F(abЈ) 2 fragments of anti-P antibodies, such as those within the hinge region or Fab portion of the antibody molecule. Plasma fractions from healthy adult 1 were tested for inhibition against isolated FabЈ fragments of anti-P antibodies from SLE patient 1. Plasma IgG inhibited the FabЈ almost as effectively as it inhibited the F(abЈ) 2 fragment (Fig. 3  A) . IgG-depleted plasma did not inhibit either fragment. Artifactual binding might be due to pepsin agglutinators (antibodies that react with a neoepitope generated on IgG molecules upon pepsin digestion) or generic anti-F(abЈ) 2 antibodies. To eliminate such binding, plasma IgG from healthy adult 1 was passed through an immunosorbent column prepared with dCF II F(abЈ) 2 . Unretained IgG was then assayed for binding to F(abЈ) 2 fragments of anti-P antibodies from patient 1. Binding to anti-P F(abЈ) 2 was four-to sixfold greater than binding to CF II F(abЈ) 2 (Fig. 3 B) . Low-level binding to other preparations of normal IgG was also observed. Therefore, because of its ease of preparation, CF II F(abЈ) 2 was used as the negative control for the remaining experiments. These data provide further evidence that healthy adults possess anti-Ids to anti-P antibodies. 2 . To prove that the IgG-inhibitory antibodies in healthy adult serum and plasma were idiotype specific, they were affinity purified. Plasma from each healthy adult was treated with four immunosorbent columns as described in Methods. The second through fourth columns were used to remove other anti-P antibody inhibitors and leached column proteins from the affinity-purified material.
Characterization of the purified IgG antibodies to anti-P F(abЈ)
The epitope specificity of these affinity-purified IgG antibodies to anti-P antibodies was investigated. When assayed in ELISA for binding to various anti-P F(abЈ) 2 preparations, purified antibodies from healthy adults bound comparably to anti-P antibodies from patients and healthy adult 1 (see Fig. 4 for representative results). In contrast, purified antibodies did not bind to CF II F(abЈ) 2 fragments that had been depleted of anti-P antibodies. They also did not bind to F(abЈ) 2 fragments of another pathogenic autoantibody, anti-dsDNA. Binding to anti-P F(abЈ) 2 was blocked by soluble anti-P F(abЈ) 2 , but not by dCF II F(abЈ) 2 (Table I ). The unretained fraction of plasma after adsorption with IgG anti-P F(abЈ) 2 immunosorbents did not bind to any F(abЈ) 2 preparation. These findings confirm that healthy adults have anti-Ids to anti-P antibodies.
The ability of cognate antigen to interfere with this Id-antiId interaction was evaluated. Soluble ribosomes were used to block the binding of purified anti-Ids to anti-P F(abЈ) 2 . Ribosomes were chosen because they are the most efficient cognate antigen source at unmasking anti-P antibodies (13). Ribosomes blocked the binding of purified anti-Ids to preparations of anti-P F(abЈ) 2 from healthy adult 1 and patient 1 in a concentration-dependent manner (Fig. 5) . Reduction to 50% maximal binding required a ribosome concentration of 10 mg/ ml. This is the concentration of ribosomes that is required to Figure 3 . Epitope mapping of IgG-inhibitory antibodies to anti-P. (A) Ribosome-specific immunoblots were probed with F(abЈ) 2 or FabЈ fragments of anti-P from patient 1 (at 1 g/ml) that had been preincubated with PBS, plasma IgG, or IgG-depleted plasma from healthy adult 1 (both at 1 mg/ml) as described in Fig. 2 . Arrow points to the ribosomal P0 protein. (B) Plasma IgG from healthy adult 1, which was depleted of pepsin agglutinators and generic anti-F(abЈ) 2 antibodies was assayed by ELISA for binding to F(abЈ) 2 fragments prepared from patient 1's anti-P antibodies (᭺) and CF II (). completely block the binding of anti-P antibodies to cognate antigen (Stafford, H.A., unpublished observations). Control experiments were done to eliminate the possibility that these large concentrations of antigen were blocking nonspecifically. Maximal blocking of the anti-P Id-anti-Id interaction with albumin at 50 mg/ml was 13%. Ribosomes used at the same concentrations did not block the interaction of normal IgG F(abЈ) 2 with polyclonal anti-F(abЈ) 2 . These data indicate that anti-Ids to anti-P antibodies from healthy adults are antigen blockable.
Inhibition of anti-P antibody activity by the affinity-purified IgG anti-Ids was next examined. F(abЈ) 2 fragments of anti-P antibodies from patient 1 were incubated with purified anti-Ids before their analysis in ribosome-specific immunoblots. AntiIds from both healthy adults inhibited anti-P antibodies in a concentration-dependent manner ( Fig. 6 ; A shows only P0 reactivity). Complete inhibition required only 50-60 g/ml of the purified anti-Ids. In contrast, plasma IgG produced complete inhibition at Ն 900 g/ml (Fig. 1) . Therefore, the activity of these anti-Ids was enriched ‫ف‬ 20-fold with purification. To determine if all the anti-Id activity of plasma was removed by our purification procedure, plasma that was exhaustively depleted of anti-Ids was tested for inhibitory activity against anti-P F(abЈ) 2 . No inhibition was observed, suggesting that the purified anti-Ids account for all of the anti-Id activity of plasma IgG.
Cross-reactivity of these purified anti-Ids for anti-P antibodies from different individuals was observed. Anti-Ids from healthy adult 1 efficiently inhibited antigen binding by anti-P F(abЈ) 2 preparations from three SLE patients (Fig. 7) . These data indicate that anti-Ids from healthy adults recognize a public idiotope among anti-P antibodies from different individuals.
Detection of anti-Ids to anti-P antibodies in SLE patients. As a control for our studies in healthy adults, SLE patients without overt anti-P antibodies were studied. Sera from 10 of these patients were subjected to membrane-based affinity purification on ribosomal P proteins. The affinity-purified material in the eluates and corresponding untreated control sera were assayed for anti-P antibody activity on ribosome-specific immunoblots. IgG anti-P antibody activity was detected in all treated samples, and none of the corresponding untreated sera (Table II) . Based on our previous studies (15) , these data suggest that anti-Ids to anti-P antibodies are present in SLE patients without overt anti-P antibodies. To prove this hypothe- Anti-P F(abЈ) 2 67 77 CF II F(abЈ) 2 3 0
Affinity-purified IgG anti-Ids to anti-P antibodies from two healthy adults were preincubated with F(abЈ) 2 preparations of anti-P antibodies from SLE patient 1 or CF II (each at 45 g/ml) before assay for binding to anti-P F(abЈ) 2 from patient 1. Figure 5 . Inhibition of anti-Id antibody activity by cognate antigen. Affinity-purified IgG anti-Ids to anti-P antibodies from healthy adults 1 at 1 g/ml (A) and 2 at 5 g/ml (B) were assayed by ELISA for binding to ribosome-pretreated anti-P F(abЈ) 2 from patient 1 (᭺) or healthy adult 1 (). Figure 6 . Inhibition of anti-P antibody activity by affinity-purified IgG anti-Ids to anti-P antibodies. Anti-P F(abЈ) 2 from patient 1 (at 0.25 g/ml) were preincubated with PBS (lane 1 of each set) or purified anti-Ids to anti-P antibodies from healthy adults. Anti-P antibody activity was assayed as described in Fig. 1 sis, anti-Ids to anti-P antibodies were purified from the plasma of one of these patients (patient 4) in a manner analogous to that described for the healthy adults (Fig. 8 A) . Thus, the absence of overt anti-P antibodies in these patients is due to specific anti-Ids. Preliminary studies were undertaken to determine if defects in the Id network for anti-P antibodies may be responsible for the serologic appearance of anti-P antibodies. Four patients who acquired and seven patients who lost overt anti-P antibodies over time were assayed for covert anti-P antibodies at the peaks and troughs of anti-P antibody expression. The membrane-based affinity purification technique was used. All patients had unmasking of their anti-P antibody activity when overt anti-P antibodies were absent (Table II) . In contrast, no unmasking was observed in these patients when overt anti-P antibodies were present. Three additional patients with persistently positive anti-P sera were assayed similarly, and also showed no unmasking of their anti-P antibodies. These studies suggest that the Id network is dysfunctional when overt anti-P antibodies are present.
To determine the mechanism of anti-Id dysfunction, one patient who acquired overt anti-P antibodies during observation (patient 3) had her anti-Ids to anti-P antibodies purified. Since insufficient serum or plasma was available from her anti-P-negative dates, plasma containing overt anti-P antibodies was passed over the four affinity columns that were used to isolate anti-Ids from healthy adults. The anti-Id antibodies that were recovered bound to patient 1's anti-P antibodies ( Fig. 8  B) ; however, they did not bind to autologous anti-P antibodies that were isolated from the same plasma sample. These results suggest that the appearance of overt anti-P antibodies in this patient resulted from the loss of autologous idiotype recognition by her anti-Ids.
Discussion
This study shows that plasma from healthy adults contain IgG antibodies to anti-P antibodies that are idiotype specific and highly cross-reactive. These anti-Ids are specific for anti-P antibodies, and are not generic anti-F(abЈ) 2 antibodies. They recognize a cross-reactive idiotope on anti-P antibodies from SLE patients and healthy adults. They are largely antigen blockable. Affinity-purified anti-Ids, like plasma IgG, can mask anti-P antibodies in serologic tests. Moreover, affinity purification of these anti-Ids removed all of the anti-Id activity of plasma towards anti-P antibodies. The same Id network appears to be functional in SLE patients when overt anti-P antibodies are absent.
These results extend the findings from our original report (12) . Previously, the maximal observed inhibition of anti-P an- Figure 7 . Recognition of a cross-reactive idiotope among anti-P antibodies. Anti-P F(abЈ) 2 preparations from three SLE patients were preincubated with PBS (first lane of each set) or affinity-purified IgG anti-Ids (anti-Id) to anti-P antibodies from healthy adult 1 (second lane of each set, at 32 g/ml). Anti-P antibody activity was assayed as described in Fig. 1 B. Arrow points to ribosomal P0 protein. Persistently anti-P-negative 10/10 Persistently anti-P-positive 0/3 Acquisition of anti-P positivity Anti-P-negative date 4/4 Anti-P-positive date 0/2 Loss of anti-P positivity Anti-P-positive date 0/3 Anti-P-negative date 7/7 *Groups were defined by the presence of overt anti-P antibodies on conventional assays. ‡ Unmasking was defined by comparing eluates obtained from membrane affinity purification to a corresponding dilution of untreated autologous serum on ribosome-specific immunoblots, and by detecting greater IgG anti-P antibody activity in the eluates. Figure 8 . Anti-P Id specificity of SLE patients' affinity-purified IgG antibodies to anti-P F(abЈ) 2 . Purified IgG antibodies from patients 4 (A) and 3 (B) were assayed by ELISA for binding to F(abЈ) 2 fragments of anti-P antibodies from patients 1 (five-sided symbol), and 3 (sunburst; patient 3 only), and anti-P-depleted CF II (filled square).
tibody activity was 50% with IgG at 4-5 mg/ml. Subsequent work has shown that IgG prepared under gentler conditions and under limited acid exposure inhibits anti-P antibody activity completely (Stafford, H.A., unpublished data). In the current study, IgG at ‫ف‬ 1 mg/ml completely inhibited anti-P antibody activity. Thus, we believe that a fraction of anti-Ids to anti-P antibodies in plasma are acid labile, and may have been denatured with our previous purification conditions. Purification of the IgG inhibitor to anti-P antibodies from healthy adult plasma enriched the anti-Id activity 20-fold. We expected greater enrichment. Chaotropic agents and acidic conditions may have selectively denatured a labile set of antiIds. Thus, we presume that purification resulted in a substantial loss of anti-Id activity.
Anti-Ids to anti-P antibodies in healthy adults are antigen blockable. This implies that idiotopes within the antigen-combining site, rather than the framework regions, are reacting with these anti-Ids. These results were expected, since anti-P antibodies from healthy adults can be unmasked on immunosorbents prepared with cognate antigen. Antigen-blockable anti-Ids are of two types (21) . The first type (Ab2␤) bears the internal image of the nominal antigen, while the second type (Ab2␥) does not. Complete antigen blocking of anti-Id activity is only observed with Ab2␤. Our results suggest that anti-Ids to anti-P antibodies in healthy adults are most likely Ab2␥, since antigen blocking was incomplete. Blocking Ͻ 70% was only observed with ribosome concentrations fivefold greater than that required for complete blocking of anti-P antibody binding to cognate antigen. Alternatively, our results could be explained by multiple types of anti-Ids existing within a given individual.
The identification of anti-Ids to anti-P antibodies provides support for a regulatory role of the Id network in human health. Anti-Ids are well described in the normal immune response in animals (22) and humans (23) . They have been described infrequently in the autoimmune response. To our knowledge, this is the third report of the purification of antiIds to autoantibodies from healthy individuals. While the existence of anti-Ids has been surmised by the unmasking of autoantibody activity in serum (24) (25) (26) , most reports have evaluated only crude preparations for functional activity, i.e., neutralization or inhibition of autoantibody binding to cognate antigen (27) (28) (29) (30) (31) (32) (33) (34) (35) . In contrast, purification has been described only for generic anti-F(abЈ) 2 antibodies (36) and anti-Ids to C3 nephritic factor (37). Because the potential for inhibition of autoantibody activity by factors other than anti-Ids, we believe that affinity purification is required to prove the existence of anti-Ids.
The origin of anti-Ids to anti-P antibodies in healthy adults is unknown. We recently showed that masked anti-P antibodies are present in children as young as 8 mo (15) . Interestingly, anti-P antibodies and their anti-Ids arise in children concordantly. We hypothesize that anti-P antibodies and their anti-Ids are subject to coordinated expression such that the potential pathogenicity of anti-P antibodies is suppressed. Accordingly, we would expect anti-Ids to anti-P antibodies to be absent or dysfunctional in SLE patients with overt anti-P antibodies. Consequently, anti-P antibodies are unmasked in patients, which allows for their serologic detection, and potential pathogenicity.
Our preliminary experiments support this hypothesis. SLE patients who lack overt anti-P antibodies possess functional anti-Ids that successfully mask their anti-P antibodies. However, the appearance of overt anti-P antibodies is associated with the loss of anti-Id regulation. In the one patient who had adequate amounts of stored plasma to purify her anti-Ids, changes in her anti-P Id repertoire appeared to be responsible for her anti-Id dysfunction. Unfortunately, serum or plasma was not available from her anti-P-negative dates to confirm that her anti-P antibodies had changed over time. In future studies, adequate plasma will be collected longitudinally from SLE patients to evaluate this hypothesis.
